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A method for gate-stack formation including a high-K dielectric 


(57) A gate stack (104) including a gate dielectric 
with reduced effective electrical thickness. A thin (e g 
~ 15 Angstroms) silicon dioxide layer is formed on a 
substrate (102). Remote plasma nitridation of the silicon 
d.ox.de layer is performed to create a s.licon-oxynrtride 
layer (106) that is resistant to oxidation. A oxygen-con- 
tammg h ( gh-K dielectric (108) is formed over the silicon- 
oxynitride layer (106) without additional oxidation of the 
layer (106). The gate electrode (110) is then formed 
over the high K dielectric (108). 
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Descripti n 

FIELD OF THE INVENTION 

[0001] The present application is generally related to s 
the field of MOSFET transistors and more specifically to 
gate stack formation including a high-K gate dielectric. 

BACKGROUND OF THE INVENTION 

10 

[0002] Presently, there is a great demand for shrinking 
semiconductor devices to provide an increased density 
of devices on the semiconductor chip that are faster and 
consume less power. The scaling of devices in the lat- 
eral dimension requires vertical scaling as well so as to is 
achieve adequate device performance. This vertical 
scaling requires the effective electrical thickness of the 
gate dielectric to be reduced so as to provide the 
required device performance. 

[0003] Silicon dioxide has been the preferred gate die- 20 
lectric material. However, newer technologies are 
requiring effective thickness of the silicon dioxide below 
currently achievable limits (e.g., < 10 Angstroms). 
Therefore, there is interest in using higher dielectric 
constant (high-K) materials such as tantalum pentoxide 2s 
and barium-strorttiunvtrtanate. Using a higher-K mate- 
ria) allows for a greater physical thickness while obtain- 
ing a lower effective electrical thickness. 
[0004] Unfortunately, most of the high-K materials 
being considered contain oxygen and/or are formed in 30 
an oxygen ambient Therefore, during formation, silicon 
dioxide is formed on the surface of the substrate 
between the high-K dielectric and the substrate. The 
thickness of the silicon dioxide is such that much of the 
advantage to be obtained with the high-K material is 35 
lost. 

[0005] High-K dielectrics are also being evaluated for 
memory applications as a storage capacitor cell dielec- 
tric. In one prior art application, ammonium nitridation is 
using to form a nitride layer over silicon as a barrier to 40 
further oxidation during high-K dielectric formation. The 
high-K material is then formed over the nitride barrier 
layer. However, the nitride barrier layer has a high inter- 
face state density that is detrimental for gate dielectric 
applications. 45 

SUMMARY OF THE INVENTION 

[0006] The method and apparatus disclosed herein 
use remote plasma nitridation (RPN) of a thin silicon so 
dioxide layer prior to high-K dielectric formation. The 
RPN inhibits oxidation during the high-K dielectric for- 
mation resulting in a gate dielectric having a thinner 
effective electrical thicknesses. 

[0007] An advantage of this approach is providing a 55 
gate dielectric having a reduced effective electrical 
thickness. 


BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The present invention will now be further 
described, by way of example, with reference to certain 
exemplary embodiments illustrated in the accompany- 
ing drawings in which: 

FIG. 1 is a cross-sectional diagram of a transistor 
having gate dielectric; and 
FIGs. 2A-2D are cross-sectional diagrams at vari- 
ous steps in the fabrication of the transistor of FIG. 
1. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0009] The method disclosed herein will now be 
described in conjunction with a 0.1 micron MOSFET 
transistor. It will be apparent to those of ordinary skill in 
the art that the benefits can be applied to other transis- 
tor sizes with appropriate scaling of the dimensions 
described herein. The benefits can also be applied to 
transistor structures different from that described below, 
such as those transistors having raised source/drain 
regions. 

[001 0] A MOSFET transistor 1 00 having a gate stack 
104 is shown in FIG. 1 . Transistor 100 is located in sem- 
iconductor body 102 and is separated from other tran- 
sistors (not shown) by isolation regions 112. As shown 
isolation regions 11 2 are shallow trench isolation. How- 
ever, other isolation mechanisms known in the art may 
alternatively be used. Source/drain regions 114 and 
drain extension regions 116 are located in the semicon- 
ductor body 102 on opposite sides of gate stack 104. 
[0011] Gate stack 104 comprises a multi-layer gate 
dielectric. The first layer is a silicon-oxynitride layer 106. 
It has a physical thickness on the order of 1 5 Angstroms 
and a dielectric constant greater than that of silicon 
dioxide (-4) and less than that of silicon nitride (-7). 
Overlying silicon-oxynitride layer 106 is a high-K dielec- 
tric layer 108. High-K is used herein to refer to a dielec- 
tric material having a dielectric constant greater than 
1 0. Layer 1 08 will typically comprise an oxygen-contain- 
ing high-K dielectric material such as Ta205, BaTi03, 
Ti02, Ce02, or BST. However, layer 108 may alterna- 
tively comprise a high-K material that is formed using a 
process that allows oxygen from another source to 
enter the environment. The thickness of high-K layer 
108 is on the order of 90 Angstroms. Thus, the total 
effective electrical thickness of the gate dielectric is on 
the order of 15-20 Angstroms of silicon dioxide. 
[001 2] Gate stack 104 further comprises a gate elec- 
trode 1 10 overlying the high-K layer 108. Gate electrode 
1 10 preferably comprises metal as polysilicon tends to 
form an additional layer of silicon dioxide over the oxy- 
gen-containing high-K dielectric. The metal chosen may 
need to be matched to the dielectric layer 108 in terms 
of process integration and its work function that ulti- 
mately dictates the threshold voltage of the device. For 
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Pressure: 
TAETO flow: 

02 flow; 
N2 carrier flow: 

Temperature: 
Time: 


0-1 to 1 Torr (typically 0.2-0.3 Torr) 
0.1 to 1.0cc/min (typically 0.2-0 4 
cc/min) 

500-1000 seem (typically 1000 
seem) 

500-1000 seem (typically 750 
seem) 

410-450°C 

on the order of 10 minutes with a 
growth rate of 10-1 5A/min. 
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nace. 

[0023] Referring to FIG. 2D, gate electrode material 
110 is deposited over high-K layer 108. Gate electrode 
1 10 preferably comprises metal. The metal chosen may 
need to be matched to the dielectric layer 108. For s 
example, gate electrode 110 may comprise a stack of 
tungsten, aluminum, or copper along with a barrier UN 
layer. In the preferred embodiment, gate electrode 1 10 
comprises a layer of tungsten (W) having a thickness on 
the order of 800 Angstroms overlying a layer of titanium- w 
nitride (TIN) having a thickness on the order of 200 Ang- 
stroms. 

[0024] Finally, gate electrode material 110, high-K 
layer 108 and silicon-oxynitride layer 106 are patterned 
and etched to form gate stack 1 04 as shown in FIG. 2A. 15 
Fabrication of transistor 100 is completed by implanting 
drain extension regions 116, depositing and etching a 
dielectric to form sidewall spacers 117, and implanting 
source/drain regions 114. 

[0025] While the present invention has been so 
described with reference to illustrative embodiments, 
this description is not intended to be construed in a lim- 
iting sense. Various modifications and combinations of 
the illustrative embodiments, as well as other embodi- 
ments of the invention will be apparent to persons 25 
skilled in the art upon reference to the description. 

Claims 

1. A method of fabricating an integrated circuit com- 30 
prising: 

forming a silicon dioxide layer over a semicon- 
ductor body; 

subjecting said silicon dioxide layer to a remote 35 
plasma nrtridation for converting said silicon 
dioxide layer to a silicon-oxynitride layer; 
forming a high-k dielectric layer over said sili- 
con-oxynitride layer, said high-K dielectric layer 
having a dielectric constant greater than 10; 40 
forming a metal layer over said high-K dielectric 
layer; and 

patterning and etching said metal layer, said 
high-K dielectric layer, and said silicon cxyni- 
tride layer to form a gate stack. 45 

2. The method of claim 1 , wherein said step of forming 
said silicon dioxide layer comprises forming a sili- 
con dioxide layer having a thickness less than 20 
Angstroms. so 


step of forming said metal layer comprises forming 
a metal layer comprising a tungsten layer overlying 
a titanium-nitride layer. 

5. The method of any preceding claim, wherein said 
step of subjecting said silicon dioxide layer to 
remote plasma nrtridation comprises subjecting 
said silicon dioxide layer to remote plasma nrtrida- 
tion using a nitrogen containing precursor selected 
from a group consisting of N 2 Stet NH 3 or a mixture 
thereof with an inert gas or an oxidizing gas. 

6. The method of any preceding claim, wherein said 
step of subjecting said silicon dioxide layer to 
remote plasma nrtridation comprises subjecting 
said silicon dioxide layer to remote plasma nrtrida- 
tion at a pressure in the range of 1 to 50 mTorr. 

7. The method of any preceding claim, wherein said 
step of subjecting said silicon dioxide layer to 
remote plasma nrtridation comprising a plasma 
density in the range of 1x10 10 to 1x10 12 . 

8. The method of any preceding claim, wherein said 
step of subjecting said silicon dioxide layer to 
remote plasma nrtridation comprising a nitrogen 
flow in the range of 1 to 100 seem. 

9. A MOSFET transistor comprising: 

a multi-layer gate dielectric formedoverlying a 
semiconductor body, said multi-layer gate <Se- 
lectric comprising a layer of silicon-oxynitride 
and a layer of an oxygen-containing high cfie- 
lectric constant material; 
a metal stet electrode overlying said mufti-layer 
gate dielectric; 

a region on a first side of said gate electrode; 
and 

a stet region on a second side of said gate 
electrode. 

1 0. The transistor of claim 9, wherein said silicon-oxyni- 
tride layer has a thickness less than 20 Angstroms. 

11. The transistor of claim 9 or claim 10, wherein said 
high-dielectric constant layer comprises a material 
selected from a group consisting of Ta205, 
BaTi03, Ti02, Ce02, and BST. 


3. The method of claim 1 or Claim 2, wherein said step 
of forming said high-k dielectric layer comprises 
forming a high-K dielectric layer comprising a mate- 
rial selected from a group of materials consisting of ss 
Ta205. BaTi03, Ti02, Ce02, and BST. 


4. The method of any preceding claim, wherein said 
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